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ABSTRACT
Refined Kraft pulp is found to contain D (+), Mannose,  D (+) 
Xylose, and Glucose; and not to contain Galactose. Silia gel plates and 
Kieselguhr plates were used for the separation. Sodium hydroxide was the 
carrier solvent and the plates conditioned for thirty minutes.
The Kamag Vario-KS-Chamber is found to be a good effective 
laboratory tool.  There are many areas where this technique can be used.
A detailed historical background is given for a basic background in 
thin layer chromatography, along with a complete experimental procedure 
of the use of the Vario-KS-Chamber.
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Principles of 'lhin layer Chromatography 
The Principles of Thin Layer Chromatography, according to A. A. Akhrem 
and A. I. Kuznetsova ( 1) • 
The technique of thin layer chromatography involves the following 
operations: on one side of a small glass plate a thin layer of sort�nt 
is spread. As in paper chromatography, samples of compounds and their 
mixtures are brought onto the starting line and the edge of the plate 
below the starting line is dipped in a solvent system. As the liquid 
movas up the plate, the separation of tl:e mixture takes. place. The 
height of the rise of the liquid (the solvent front) is marked, the plate 
is dried and treated in a manner similaJ.' to a paper chromatogram to d�tect 
the substances as c olored spots. The positions of the spots are marl·ad 
as shown in Fig. 1; these correspond to the compounds under i!WElllt.:\.ga-
tio and a.re located between the starting Une and the solvent front. 
To determine the position of the spot the distance between the center of 
the spot and the starting line ( segment AB) is measured. The d.i.stance 
from the solvent front to the starting line is than measured ( segment A-:). 
The ratio of the distance AB between the starting line to the center of 
the spot to the distarice AC between the starting line to the solvent 
front is the constant Rr = AB/AC is typical ror a given compound on a 
given sorbent and in a gi van system, and is a t\tnction of a number of 
factors: experimental technique, nature and activity of the sorbent, 
thickness of layer, nature of s olvents, amount of substance brought onto 
the plate, the length of the path traversed by the solvent, the �osition 
of the starting line, and is almost independent of the temperature� 
1 
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FIG. 1 
Separation of a Mixture on a Plate 
with a Thin Film of Sorbent 
A - Starting Line 
B - Center of Spots 
1, 2 - Individual Substances 
3 - Mixture of 1 and 2 
------ . 
2 .'.3 
For the sake of reliability in the 'identification of substances the 
determination of Rf is often supplemented by the use of markers. A 
known substance (Marker) is ohromatogra.mad on the plate together with 
the mixture to be aeparated and the position of the spots on the 
chromatogrrun is expressed as the ratio R8 between the Rr of the 
unknown substance and the value of the Rf of.the marker:
Rs .. Rf marker
3 
The separation of mixtures on a thin layer of sorbent may be 
attained by adsorption, partition and ion exchange chromatography. This 
classification ie based on the nature of the forces acting between the 
'• 
dissolved substances and the solid or the liquid phases with which thay 
come in contact. 
Adsorption chromatography ie baaed on the sorption of the d:ts­
solved substance by the surface of the solid phase. 
In partition chromatography the substances are distributed between 
two liquid phases, one of which is stationary .. 
Ion exchange chromatography is 'based on the formation of ionic com­
pounds between the dissolved substances a-nd ·the electrically charged 
groups of the sorbent. 
In practice these processes almost never take place singly. Thus, 
for instance, adsorption chrODiat.ography is accompanied by partition 
chromatography if the separation· takes plaot on low activity sorbant in 
systems containing water; partition chr0111atography is accontpanied by 
,., 
adsorption chroaatog�aphy if the substances b,ing separated have an 
affinity to the carrier sorbent. Ion exchange chromatography is almost 
invariably accompanied by adsorption phenomena. 
" 
... 
• 
• 
Adsorption Chromatography 
Fundamental. Principles 
Adsorption chromatography, acco:rdi.ng to Akbrem and Kuzr?etsova., is 
based on the sorption of the dissolved substance by the surface of the 
sorbent. The chroma:tographic s�paration is accompanied by a continuous 
process of sorption and disorption of the dissolved substance on the 
surface of the eorbent. W"len the number of particles adsorbed on the 
surface per unit time is equal to the number of particles leaving the 
surfaoo, or, in other words, when the rate of sorption is equal to the 
rate of desorption, adsorption equilibrium has been attained. Tbe most 
general case of this process is gas adsorpt'ion. 
Langmuir expressed the dependence between the amount of the gas 
adsorbed at constant temperature and its concentration in the surround­
lng space in the f'orm o,f the follo-wing equation: 
!J'WC 
n C ------1 + WC 
.ihera n is the amount of the gas adsorbed per unit area, s is t-he rr.axiJTiun1 
amount of gas which may be adsorbed by the surface, w is the adsorption 
coefficient and c is the concentration of the gas. 
The curve which expresses the dependence between the amount of the 
-<1dsorbed gas and the gas in the surroundings after adsorption aquUibrium 
at constant temperature haa t>een attained, is called adsorption isotherm. 
A similar relationship for the case of .adsorption from solution may be 
expressed by the adsorption isotherm equation of Freundlich: 
n • acb 
where n is the a'llount of the substance adsorbed on unit su:rfnce :i c is 
tho concentration of the substance in solution, and a and b a:rv1 m:;i,gn·· -
tudes -which are constant for the given adsorbent-adsorbate systE�m. 
.. 
.. 
.l. 
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In the ideal case the partition function ls li'!'1ear and he adsorp­
t,ion isotherm is a straight line. In practice the spcts di :.fuse o,. the 
. ' 
chromatogram and the equilibriUll'l between sorption and desorptio. is .10t
immediately established. For this reason the adsorption isotherm is 
not in fact linear, but a curve such as that represented in Fig. 2, and 
the spots on the chromatogram are sharply delineated on the top a1 
dift'use out on the bottom in the shape of "tails" jutting out towards 
the starting line. The tails a.re the smaller, the less the a.mount o.f 
tho substance apPlied to the starting line. 
t 
rd 
• 
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2 3 4 5 
FIG. 2 
Adsorption Isotherm from Solution 
The amount of Substance n, adsorbed by unit surface 
is plotted on the ordinate; the Cdncentration C of 
substance in solution is plotted on the abscissa. 
6 
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Selection of S'.>rbents and Solvents 
For an efficient separation of a mixture the choice of a sorben 
of a suitable quail ty a.nd acti yj_ty is very important. It must be 
remembert::1d that certain sorbents, e.g., al\.llllin'Uffl oxide, silica ge 1, 
,, 
and other aorbents may produce side reacting during the separation. 
The er 1. teria for t he selection of a sorbent a:re preductable only to a. 
limited extent. In practice the worker will begin with the proparties 
of the compounds to be separated: their solubility (hydrophilic, hydro­
phobic), and the content and the nature of their functional groups. 
If the substance has only a weak affinity to the sorbant, active 
layers and weakly polar sol vents are used, such as appears at the begin­
ning of the eluotropic series ( Table 1). If, on the contrary, t.he sub­
stance is strongly adsorbed, weakly active sorbent.s and strongly polar 
solvents are employed. 
Stahl proposed the following simple device for the selection of the 
, ;, 
experimantal conditions for adsorpt.ion chromatography on a thin ]ayer of 
sorbe t ( Figure 3). The shaded triangle rotates arouJ�d an axis; one of 
its corners shows the compounds to be separated, the other shows the 
required activity of the scrbent, the thtrd shows the solvent. 
In principle all sorbents which are used in column chromatography 
can he employed in thin layer ohromatog.ra,phy. Up till now the .follow­
ing sorbents have been used: siliaa gel, aluminum oxide, Kiesalguhr,
calcium hydroxide, magnesium silicate, t'lorj,sil, Celite, Plaster of 
Paris, cellulose, and a few other sor'bents. 
Solvents employed in thin layer chromatography should be pure. 
The purification and the drying of t he solvents are carried out by 
methods usually employed in other kinds of chromatography. 
t 
n 
TABL� I 
ELUCTROPIC SERIES OF STAHL (3) 
SERIAL SERIAL 
"JUMBIB SOLVENT NUMBER SOLVENT 
1· l:lEXANE 7 ErHER 
2 HEPI'ANE 8 ETHYL ACEr.;TE 
CICIDHEliijE 9 PYRIDINE 
4 CARBON TE:J'RACLORIDE 10 ACETONE 
5 B�ZENE 11 ETHANOL 
6 CLOROFORM 12 METHANOL 
! 13 WATER 
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SUBSTANCES TO BE SEPARATED 
FIG. 3 
Se le ct.ion of experimental conditions for thin layer chromatography. 
Roman numerals indicate activity accordihg to Brockmann. 
.. 
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Mixtures may be separated by means of on e solvent but the usual 
practice is to employ mixtures of two., throe, or even four solvents. 
The solvent system must be freshly prepare d for each plate since t,he 
component rat1.o in the solvent mixture changes as a result of the 
sapar,<ition. 
·•n.l.,.I 
In choosing the solvent for thin layer adsorption chromatography 
any of the known eluotropic series, giving the sequence of eluting capa­
cities of the solvents can be used. Stahl proposed the eluotropic 
series gj_ven in Table 1. 
It has boen recommended that the solvent be selected by the inicro­
circular t,echnique, the principle of which is the following: to a glc1ss 
plate with a sorption layer a few spots or the substance are app "2d in 
the usual ,�ay, 2 cm away from each other. After a few minutes the sol­
vent o-r soJ. vent system tested is applied to the center of each such 
spot -with a thin capillary. The dried chromatogram is revealed; :.he 
individual component� of the mixture are then seen as concen t:r:L . circles. 
The most successful separat1on or the m.ixt.ure indicates the sclva:1t or 
solvent system to be chosen • 
. D9pendence of the Adsorption Capa:city 
of a Substance on its Structure
Saturated hydrocarbons are adsorbed to a small extent or are not 
adsorbed at all. The introduction of double bonds, especially conju­
gated double bonds, increases the adsorbability of the compound. Func­
tional g.roups intensify the adsorbability t,o an even greater extent. 
The adsorptive capacity of the functional groups increases in the 
following sequence: CH • CH , OCJIJ , CQCR , C • 0 , CHO , SH ., NH? ">
OH ., COQHJ. If moro tha."l one substituent is present, this sequ<::ir1Cf.➔ 
changes. 
L 
(' 
Part,ition Chromatography 
Fundarnentai Principles 
This section according to Akhrem and Kuznetsova.. 
, . .. . : .. 
Partition chromatography is based on the partition of a substance 
bat;.ieen t1;,10 non-miscible liquids in both of which it is solub:t.o, w 1,e, 
one of tre liquids (stationary phase) is retainod by a suitable inert 
sol.ld carrier. The substances to be separated should be more soluble in 
the stationary phase. The solvent, the so-cal led mobile pha.se, moves 
through the stationary phase and extracts the substances on the plate. 
During the developnent each substance is distributed between the fixed 
and the mobile phases until an equilibrium state is attained, the equili­
brium constant depending on the solvents chosen and on the nature of t. e 
substances being separated. The constant o- is called the partition 
coefficient of Nernst:
<:r • .:1 • canst. 
c2 
Where c1 and c2 are the concentrations of the . substance in the t;wo phases.
As the result of the different values of the coefficients er the 
substances will move more or lese rapidly on the plate and thus become 
separated .from eac h  other. 
The value of Rr in the ideal case may be calc ulated from the distri­
bution 0- by thJ expression·, 
where K is a constant whose value will depend on the carrier sorbent. 
The actual value of Rr obtained on the chromatogram will not. ah.a.ys
be in agreement with the theoretical calculations, s ince it is difficult 
to allow for the aorption of the substances on tha carrie.r. 
•· ' � 
. ' ' ' •,' I'• 
12 
Selection of Sorbents and Solvents 
The following substances have been used as carriers o.t' the station­
ary phase in thin layer chromatography: silica gel, Kieselguhr, plaster 
of Paris, Celite SS and cellulose. 
When selecting solvents for partition chromatography, both liquid 
ph4ses should always be taken into account. Th solvent is chosen h 
using any of the knowr1 series in wh:i.ch the solvents are arra. ged in the 
order of their tendency to form hydrogen bonds. Stahl proposes to use 
for this purpose the mi.xotropic serias of Hecker. The series is h<1c:i.ded 
by hydrophilic compounds, the so-called polar compounds with th9 most 
conspicuous tendency to form hydrogen bol'!ds, 1whereas hydrophobic com­
pounds or nonpolar compounds are placed at the bottom of the series. 
When separating polar compounds by parti.tion chromatography, water usually 
serves as thd stati.onary phase while the mobile phase consists of a L ss 
polar organic solvent, i.mmiscible with water, to which water is add Hi, or
whi�h ts saturated with water. 
To separate hydrophobic (nonpolar) subs tances reversed phase th.' n 
layer partition chromatography is employed. In this case the carr:.i er 
layer is saturated with a lipophilic substance such as undecane, paraf­
fin oil, tetradecane, silicone oils of various viscos.ities, etc. The 
mobile phase consists of polar organic solvents, which are usually 
saturated with t.he stationary phase. Sometimes not the amount of the 
polar solvent is saturated, but only a part of it; the remaindttr is added 
without saturation. This is made in order to prevent any phaso sepal'.'a­
tion on the plate. 
In order to separate substances of a medium-polar character a 
.nonvolatile polar liquid such as formamide, or polyethylene glycol ( 2) 
8 y 
n 
1
13 
is taken as the stationary phase'� The mobile phase consists of non polar 
liquids, beg.inning lfi th chlorotom and ending -with hept.a11e, saturated 
· '  
with the stationary phase.
The amount of the solvent ( stationary phase), which is required to 
saturate the plate should be aocurat.ely determined • 
. . 
• 
Ion Exchange. Chromatography 
Technique 
This section aocording to Hf!f'tmann.(3). 
14 
'l'he ter;hniques employed in ion exchange chromatography are qui ta 
similar to those in adsorption and partition chromatography. For example, 
conventional ion exch ange resins ara used in columnar systems like other 
sorbents, and ion exchange papers are used in the same manner as f'lter 
paper is in paper chromatography. 
Ion exchange is used primarily for the separation of ionic species, 
i.e., for the separation of anions .from cation·s, ionic from noniod.c
species, cations, and anions. Because of t� high fixed ion concent,ra­
tion -wi.thin the structure oi· most ion exchange resins, these materials 
function as concentrated electrolyte solutions and are therefore usable 
as "salting-in" agents for the chromatographic separation of nonelectro­
lytes such as alcohols and aldehydes. 
Classification 
The chromatographic separation of various ionic and nonionic species
by ion exchange depends upon several factors. Although most separations 
are based on differences in selectivity between the various ionj_c s:r;ecies 
ent�ring into ion exchange reactions, ion exchange to materials can be 
used without exchange of ions. Applications of ion exchahge to chroma­
tography may be classified according to the basic principles involved as 
follol-1s: ( a) ionic charge differences, { b) ion exchange selectivity, 
(c) specific adsorpttve effects, (d) Donnan membrane equilibria, a�1d
(e) "salting-in" or "salting-out" effects.
.. 
l. 
• 
15 
Ionic Charge Differences 
Since most ion exchange materials are not amphoteric, separa·ions 
of ionic from nonionic species are achieved without difficulty. These 
applications present a most, favorable situation, where some species a1·e 
capable of being sorbed, while others cannot be sorbed by the exchanger 
at all. The analyst only needs to avoid  overloading the exchanger with 
the ionic species to be sorbed by taking into account the capacity of 
the exchanger. 
Ion Exchange Selectivity 
Most chromatographic separations by ion exchange are based upon 
differences in selectivity (?f the exchanger for the ions to be sepa­
rated. The factors that govern the selectivity of an exchanger for a 
particular ion include (a) valenoe, (b) ionic radius, (c) concentration, 
(d) nature of the exchanger, and (e) solvent. The ease of separation
in ion exchange chromatography depends upon the magnitude of the dif-
ferences in selectivity. Ions differing in valence or size are usually 
separated without difficulty. Ions or siail&r size and valence m.ay also 
be separated by ion exchange chromatography, but the experimental con­
ditions require more careful control. In many such instan�.es differences 
1.n selectiv ity may be magnified by the addition of" citrates in the case
of the rare earths and of hydrooloric acid in the case of the transi­
tion elements may be quoted as examples .• 
Sped.tic Adsorptive Effects 
In certain oases separations by means of ion exchange chromatogr�phy 
are based upon s�cific adsorption. For example, phenols are adsorbed by 
.. 
16 
anion exchangers by van der Walla torc'es -, and borate salts or anion 
exchangers may be employed for the chromatography of sugare capable of 
forming borate oomple.xesG 
.. 
t. . . 
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Selection of the Suitable Chromatographic Method 
This section according to Akhem ind Kuznetsova. 
In the selection of a suitable method the pri.m.e considoration m.1st 
be the structure of the substances to be separated. 
�l 
_,_ In thin layer chromatography the technique most 0.LIAllTI employed is 
that of adsorption chromatography, which is better understood and tech­
nically simpler. 
Both adsorption and partition chromatography may serve .to separate 
substance differing in the nature, nUMber and character of their polar 
and nonpolar constituents, structur&l isomers, stereoisomers, and sub­
stances with other structural differences. However, only partition 
chromatography which involves solubilities of substances in the mobile 
' I . 
phase is capable of separatirig the homologs of higher fatty alcohols, 
aldehydes and acids. 
Ion exchange chromatoeraphy may be employed for the separation of 
substances -which carry different. overall charges on their ionized groups 
undar the conditions of the eeparation (f'or the g.iven pH value and salt 
concentration). 
The so-called molecular sieves have been lately used for the sepa­
ration of mixtures of high molecular substances, e.g., mixtures of amino 
acids, oligopeptides, and proteins. 
.. 
18 
Carbohydrates 
The carbohydrate and sugar sections according to Akhem and Kuznetsova. 
The separation of hydrophi.lic compounds, e.g., carbohydrat,es, by 
thin layer chromatography, can be effected both on modified KieselP.u.h. -
plaster of Peris and silica gel-plaster o.f Paris layers and. on ce1Jn1ose­
p1a.,ter of Paris layers. 
Sugars 
A ntnnber of sugars were separated on Kieselguhr-plaster of Paris 
layer impregn�ted with 0.02M sodiw'll acetate. The con ditions for se ara-­
tfo of the sugars and the Rr values for ascending developnent on various 
sorbents (4) are given in Table 1. Separation of sugars can also be 
achieved on a silica gel-plaster of Paris layer, saturated with boric 
acid. To pr"3pare a layer, 6 ml O.lN boric acid are added to L g silica 
gel. The develo:µrent is then conducted with acid solvent systems Tab)_e 2. 
The quantitative analysis of sugars, &'scribed in the pa1-,"!8r, con­
sists of the following operations: the spots are scraped off the plata, 
eluted, oxidized by 0.05 or 0.0lN potassium bochromata in 70% su1furic 
;• . . 
acid and the residual bichrpmate is back-titrated • 
. . 
The separation of these carbohydrates was also conducted on a laye.r, 
prepared from an aqueous suspension of MN JOO cellulose powder. The layer 
was dried for 10 minutes at 100° . Monosacch�ides can be readily sepa-
rated on this layer by two-pass development ,-with ethyl··pyridfoe-wate:r 
(2:1:2). .Mannose and arabinoee are preferably separated by water-
,. 
saturated phenol containing 1% of ammonia (Table 1). 
A number of carbohydrate·s heNe a..lso be8n separat,ed on plast(:'lr or 
Paris layer {30-60meHh), dried in the air for 20 hom·s (Table 2). 
r 
.. p 
n 
TAB.LE II 
Rf values of a number of sugars on, various sorbent layers 
Sol vent Systems: 
COMfOUND 
Arabinose 
Xylose 
Ribose 
Rhamnose 
Glucose 
Galactor,e 
t1d.rmose 
Fructose 
Sorbose 
Lactose 
Multose 
Sacchaross 
I - 65 ml ethyl acetate + 35 ml isopropan·ol-water ( 2 :1) 
II - Benzene-methanol-acetic a,cid ( l :J :1) 
III - Methyl-e.thyl-katone -methanol-acetic .acid ( J :1 :l) 
IV - Ethyl acetate -pyridir,e -water ( 2 : 1: 2 ) 
V, VI, VII - Chloro.tonn-metbanol (19:2�, (19:3), 119:))
Kieselguhr 
Plaster ot
Paris satu-
rated with 
.02M sodium 
acetate 
,_ -
I 
I 
0.28 
0.39 
0.49 
0.62 
0.17 
0.18 
0.23 
0.25, 
0.26 
o.04
0.06 
0.08 
Silica Gel 
Fl.aster of Paris, 
saturated -with 
lN Boric Acid
lI III 
0.62 0.42 
0.59 0.39 
---- ----
0.67 0.52 
0.63 0.42 
0 ·,�. . .,) 0.}2. 
' 
O.58 ·O.J2'
' 
0.52 O.Jh
0.51 0.24 
0.56 0.25 
---- ----
o.63 0.29 
Cellu-
lose 
. SOLVENT SYSTEM 
IV 
1.11 ,.. 
1.25 
, 
1.42 
1.52 
1.00 
_0.9():,' '. 
'l: 09:�• . ·. ,, .
'!�·----�. :(, 
• 
I 
� ' 
----
-----
----
----
Fl.aster. of 
--
V VI 
0.63 0.75 
0.58 o.88
0.79 o.86
o.88 0.95 
0.27 0.77 
O.Jo I 0.40 I 
0.J3 0.62 
0.48 0.91 
b.73 0.95 
---- ----
---- ---·-
---- --·---
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Paris 
• I 
VII 
... --
----
----
----
----
- .... � ... ,.,, 
--... --
-----
----
·----
.J.46 
0.26 
0.61 
' I 
.
l -
-
I l 
I 
. 
l . 
. 
• I 
' I . 
• 
! ! . ' _ _ J 
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The separation of sugars by ascending developnent may be carried
out also on e cellulose powder-plaster of Paris layer, prepared from 
cotton cellulo·se. Better results oar, be obtained on this layer by the 
descending. technique when a ·number of sugars are chromatogrammed by the 
Matthias method. Optimwn separatiot;1 was attained in the systems 
N-b11tanol-pyridine-water (10:3:3) and N-butano1.-25% ammonia--water
(16:1:2). Mannoee,· arabinose, lyxose, and ribose have be�n separated 
by the systems phenol-butanol-acetio acid-water (S:5:2:10). 
Mono-, Di- and Trisaechar1des 
Mono-, di, and t.risa.ocharides were separated on Kieselguhr--plnster 
of Paris and silicagel-plaster of Paris and silica gel-plaster of Par ·.s 
layers, and also on these layers impregnated with 0.1% boric ac:i.d ir 
0.02M sodium acetate. A succ-AHJsf\Jl separation -was achieved of a mixt1_rrC3 
containing o e part of raffinoeil to a hundred parts of saccharose on 
silica. gel-plaster of Paris layer 'With the system N-propanal-ethy:' -r,cetat.e­
water ( 7 :2 :1), using the Matthias method. This sorbent also served to 
separate di- and trisaccharides: saccharose ., D- mellibiose, maltose, 
lactose, melezitose and raffinose in the system butanol-acatone-wa��r 
(4:5:1) and butanol-acetic acid-water (4:5:1). 
Carbohydrate Derivatives 
Qualitative and quantitative- analysis or mixtures of saccharose and 
its ethers and raffinose -was also conducted on silica gel-plaster of Paris 
layer. The be.st system for the developie nt of the ethers proved to be 
toluene-ethyl aoatate-95% ethanol (10:5:.5). To detect the spots the 
plate was sprayed with concentrated sulfuric a�id and heated at 1100. 
.. 
• 
For quantitative determination the spots were eluted from the plat.es; 
the composition of the mixture was de,termin·ed by the colorimetric 
method. 
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Acetyl and benzoyl derivatives of sugars were separated on silica­
ge 1-plaster of Paris layer. The best solvent system for acetylated da i­
vativos proved to be benzene-methanol (95:.5) .. • Under these condH,ions 
mixtures of anomere are easily separated. As a rule, acetyl d.0:·ivatives 
with 1.5-transcontigurations move faster than their anomers. 
Detection. The spots were detected by spraying the chromatogrrun 
with silver nitrate-amonia a.nd sodium methylate. To do this three 
solutions were prepared: (1) 0.3% solution of silver nitrate in metha­
nol; (2) methanol saturated with ammonia; (3) 7% solution of sodium in 
methanol. These solutions were combined in  the ratio of (5:1:2) before 
use. 
Thin lay er chromatography on non-bounded alumina layer of grade II 
activity was used to separate certain derivatives of monosaccharides in 
the systems benzene-chloroform and benzene-methanol, taken in various 
ratios. The spots to1ere de�cted by spraying with sulfuric acid., 
• 
, 
Objective 
The objective of this study is to present a brief but thorough 
history of the different types of thin layer _chromatography and to
show how the thin layer chromatography equipmnt at Western Michiga 
University is to be u�d. The historical background section makes a 
very good reference for understanding the basic principles of t.hi.n 
layer chromatography. 
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Bleached refined Kraft pulp was used and the study includes the 
identification of some of the simple sugars o:f the pulp, by too tech­
nique of thin layer chromatography. Four sugars were tested: 
D ( +) Man nose, Galacto se ., D ( +) Xylo se ., and Glucose • Each -was tested 
under two different plate types: silica gel and Kiaselguhr. 
n • 
E:x:perj.manta] Procedure 
Preparation of a Sample 
f. sample of bleached Kraft pulp was used. The folJ.o,1ing s eps were
taken prior to any chromatography work (5): 
1. The sample \ilas driad at 49° so as to form a dry mat. If
this step was not taken, the effectiveness of the sulfuric
acid would be lessened due to dilution factor.
2. Seventy-two percent sulfuric acid was added at about
3 milliliters of acid for every 0.35 g of dried pulp.
3. 'roe solution was than mixed, and let stand at a constant
temp erature of 30° C for one hour •.
!.,. ,�ater was then added, 81.t milliliters for every 3 mi.lli-
llters of sulfuric acid added earlier. 
S. Na2C03 was added to neutralize the effect of the acid.
6. The solution was filtered and concentrated.
Two different sorbents were used: silica gel and Kiese1guhr. They 
are both a;iccallent sorbents for carbohydrate chromatography and will give 
a good basis of study. Four chromatograms were to be made for each sor­
bent, summing up eight for · the study. 
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Use of the Camag Varia-KS-Charober 
1. Scrape the plates_ so that three sides of the plate are scraped
2 centimeters from the edge. 
2. It is adv.isaole -at tllis time to mark the lines A and C on the
plate with a pencil. (See Fig. 1). Line A will be marked 1.5 to 2.5 
centilneters from tha edge of the unscraped side. This is where tha sam­
ple will be placed (next step). Line C is the solvent endpoint; it 
should be as far away from A as possible. A good idea is to put it a 
speci . .fic distance from line A, so as to make calculations easier. 
3. Next, scrape off sorbent as to create strips so that the samples
.an have no effect on each other. A plate scraper apparatus is provided 
j n t.he lab. 
4. Now put a wick in the solvent trough as shown in the manual.
Do not add any sol vent. Pull the handle to lower sol vent wick. 
5. Next add sulfuric acid to the acid trough and put it in the Kamag.
6. Next put the samples on tihe plate on line A. Then put the plate
in the Kamag sorbent sida down vi th the samples at the wick end. Clamp 
down the plate. The plate must now condition for a predetermined time 
dep.3nding on sorbents, solvents an d type of sample. 
7. After the prescribed time, fill the solvent trough two-thj�ds
full, then push in the handle to raise the solvent wick. It should make 
contact across the plate. 
8. After the �olvent lin e reaches line C take off the plate and spray
j t 'olith sulfuric acid. Now you can read the plate and measure the R
f 
values. 
9. The s olvent and sulfuric acid must both be changed between each
plate. 
r: 
.. 
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Ila.ta and Discussion 
The data of all experimentation is gi.ven in Table III. 
The experiment was run using plates coated with silica gel, and
Kieselguhr reagents. Four plates were made for each. On each plate was 
the unknown (derived from pulp swnple) and four known sugars: D ( +) 
�annose, Galactose, D (+) �ylose, and Glucose. 
The so lvents used for this experiment were: 
1. For the silica gel plates ethyl acetate 65%-isopropyl
alcohol-water (2:l) 35%.
2. For the Kieselguhr plates methanol-benzene-acetic acid (3:1:1).
The acid used in the acid trough was fifty percent sulfuric and the 
plates were sprayed with fifty percent sulfuric acid. The plates ·-wtire 
conditioned for thirty minutes at twenty-five degrees oelsius. The plate 
was then run for sixty minutes, at twenty-five degrees celsius. 
The spots were hard to see and quite hard to measure, but -were con­
sistent throughout the plates. 
The laboratory was not difficult and worked out to be a good teist. 
A lot can be learned from thin layer chromatography. 
• I . 
·'
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TABLE III 
DATA 
I SAMPLE TRIAL PLATE TYPE Rf MATvH 
I UNK. . 
� ( +) Mannose 1 S:i.lica Gel .38 ,o .. 
D ( +) Mannose 2 Silica Gel .25 Yes 
D ( +) Mannose J Silica Gel .20 Yes 
D (+) Mannose 4 Silica Gel .JO No 
D ( +) Mannose 1 Ki3selguhr .33 Yes 
D ( +) Mannoso 2 Kieaelguhr .87 No 
D (+) Mannose 3 Kiesalguhr .27 Yes 
D ( +) Mannos-e 4 Kieselguhr .40 Yes 
Ga.lactose 1 Silica Gel .33 l·Jo
Ga lactose 2 Silica Gel .44 No 
Galactosa 3 Silica Gel .I.JO No 
Galactose 4 S11:i.ca Gel .JO To 
Galactose 1 Kieselguhr .25 No 
Galactoso 2 Kieselguhr .8.) No 
Ga lactose 3 Kieselguhr .so ;'C 
Galactosa Li Kiaselguhr 1.00 �ro 
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TABLE III (Cont.) 
DATA 
SAMPLE TRIAL PLATE TYPE Rf MATCH 
UNK. 
D ( +) Xylose l Silica Gel .75 Yes 
D ( +) Xylose 2 Silica Gel .25 Yes 
D ( +) Iylose 3 Silica Gel .20 Yes 
D ( +) Xylose 4 Silica Gel .33 ·Yes
D ( +) Xylose l Kiaselguhr -34 Yes 
D ( +) Xylose 2 Kieselguhr .93 No 
D ( +) Xylose 3 Kfaselguhr .28 No 
D ( +) Xylosa h Kieselguhr .50 Yes 
Glucose l Silica Gel .20 0 
Glucose 2 Silica Gel .33 Yes 
Glucose 3 Silica Gel .18 Yes 
Glucose 4 Silica Gel .37 Yes 
Glucose 1 Kieselguhr .!.t l No 
Glucose 2 Kieselguhr 1.00 Yes 
Glucose 3 Kie se lguhr' .70 Yes 
Glucose 4 Kieselguhr .,o Yes 
T 
" 
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Conclusions 
One of the objectives of this thesis was the identification of sme 
of the simple sugars of Kraft pulp. The sugars were: ( 1) D ( +) Ma, ose, 
(2) Galactose, (3) D (+) Xylose, and (4) Glucose.
Three of these sugars were identified as being in the sample.
D (+) Mannose, D (+) Xylose and Glucose were all identified, Galactose was 
not. 
Both the Silica Gel plates and the Kieselguhr plates proved satis­
factory, giving the same results. 
I think a wood chemistry 333 project using the Kamag Varia-KS­
Chamber would be beneficial not only to the student, but his repo�t could 
also be beneficial to the paper department at Western Michigan Uni.varsity. 
Much more work could be done on the Kamag Varia-KS-Chamber � r the 
form of another Bachelor's Thesis or Master's Thesis. Two dime. sior.al 
thin layer chromatography, for example, would be an excellent thesis 
t.opic.
" 
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